Little is known about the use of pentoses and pentitols by Salmonella typhimurium apart from a report by Gutnick et al. (1969) with S. typhimurium LT-2. Old (1977) showed that only D-ribose, L-arabinose and L-fucose were used as sole carbon sources by wild-type strains representative of the primary biotypes of Duguid et al. (1975). Although D-arabinose was not used as sole carbon source by wild-type strains, D-Araf mutants were isolated from all strains incubated for 2 to 3 days in peptone water containing D-arabinose (Old, 1977). This work compares the mechanism of D-arabinose utilization by D-Ara+ S. typhimurium strains with those previously established for other enterobacteria.
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(1949).
D-Arabinose was determined by the orcinol method (Mejbaum, 1939).
All other chemicals and reagents were from commercial sources.
RESULTS
Extracts of wild-type D-Ara-S. typhimurium strains and their D-Ara+ mutants grown in CH medium plus L-fucose showed L-fucose isomerase and L-fuculokinase activities. The isomerase utilized either L-fucose or D-arabinose as substrate and the kinase was active with either L-fuculose or D-ribulose as substrate ( Table I) . As these activities were not induced in D-Ara+ bacteria grown in CH medium without L-fucose, the mutation allowing their growth on D-arabinose could not be due to the constitutive synthesis of these enzyme activities.
Incubation in CH medium plus D-arabinose induced these activities in D-Ara' bacteria but not in D-Ara-bacteria. The levels of induction were low but this may have been because the bacteria grew well enough on the casein hydrolysate to keep the levels of enzyme low due to a poorer induction rate with D-arabinose incubation. None of the wildtype S. typhimurium strains grown in peptone water plus D-arabinose (without aeration) contained detectable amounts of L-fucose isomerase or L-fuculokinase activities whereas extracts from D-Ara+ bacteria similarly grown had appreciable levels of both. The enzymes were also demonstrated in D-Ara+ bacteria grown in MMA medium plus D-arabinose.
The ratio of the specific activity of the isomerase with L-fucose as substrate to that with D-arabinose as substrate was 1.8 to 2.0, and the ratio of the specific activities of the kinase with L-fuculose and D-ribulose as substrates was 2-8 to 3-0 (Table I) . These ratios were similar regardless of whether the enzymes were induced in D-Ara-bacteria by L-fucose or in D-Ara+ bacteria by L-fucose or D-arabinose (Table I ; unpublished observations). When tested at saturating substrate levels, the reaction velocity of the isomerase with L-fucose was about twice that with D-arabinose and that of the kinase with L-fuculose was nearly three times that with D-ribulose. The combined reaction rates with L-fucose and D-arabinose as substrates (or with L-fuculose and D-ribulose) were not additive. The observations are consistent with the proposal that a single isomerase and a single kinase are each involved with the oxidation of two substrates.
The typical D-Ara+ mutant sz764.da1 was grown on MMA medium plus D-arabinose in aerated shaken culture, and at intervals during the exponential growth period, samples of the growth medium were assayed for the presence of glycollate and D-arabinose. The concentration of D-arabinose declined over a g h period and in the first 6 h of growth there was a parallel accumulation of glycollate. Thereafter the concentration of glycollate declined and after g h glycollate and D-arabinose were present in only trace amounts.
SaZmoneZZa typhimurium s2626 was unusual among the wild-type strains tested in that it did not utilize L-fucose as sole carbon source. Extracts of s2626 grown on CH medium with or without L-fucose showed no detectable levels of isomerase or kinase activities. The L-fuculose-I-phosphate aldolase status of the strain was not determined. Extracts of L-fucose-utilizing mutants of this strain (~2626. If I, 4 2 and -1f6) grown in CH medium plus L-fucose showed L-fucose (D-arabinose) isomerase and L-fuculose (D-ribulose) kinase activities ; the specific activity ratios for their respective substrates were similar to those already described. Thus, the acquisition of the ability to grow on L-fucose was accompanied by the ability to synthesize both isomerase and kinase enzymes in the presence of L-fucose. $ < , No enzyme activity was detected, but must be less than the stated amount which is the lower limit of the sensitivity of the assays.
Furthermore, the L-FUC+ mutants, unlike s2626, fermented D-arabinose in 2 to 3 days in peptone water cultures. Incubation of D-Ara' S. typhimurium in the presence of L-fucose or D-arabinose induced the synthesis of L-fucose isomerase and L-fuculokinase which in other enterobacteria convert D-arabinose to D-ribulose I-phosphate. The ratios of the specific activities of these enzymes for their substrates were similar regardless of whether their synthesis had been induced in D-Ara+ strains by growth in the presence of D-arabinose or L-fucose or in D-Ara-strains by L-fucose. This suggested that in S. typhimurium these enzymes had dual substrate activities as noted in E. coli and K. pneumoniae. From our knowledge of the metabolism of D-arabinose by these latter bacteria, the most likely route of D-arabinose degradation by D-Ara+ S. typhimurium would seem to be via D-ribulose I-phosphate.
Due to the presence of L-fuculose-I-phosphate aldolase, D-Ara+ E. coli and D-Ara+
